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Overview 

 Introduction – XRF and elemental imaging 

 Experimental - optics 

 Instrumentation 

 Polycapillary –  2D EDAX Eagle III 

 DCC –   2D hiRX R&D instrument 

 Polycapillary –  3D R&D instrument  

 Matrices – simple to complex 

 Summary 

 Future Directions 
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XRF Process 
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MXRF 

 Spatially resolved elemental analysis 

 Spatial resolution down to 10 micrometers 
with commercial X-ray optics 

 Limited sensitivity due to energy filtering 
by polycapillary optic 

 Multi-element mapping 

 Commercial laboratory based 
instrumentation 
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MXRF Capabilities 
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resolved, quantitative 
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 Line scans - concentration 

gradients, qualitative 

 Maps or elemental imaging - 

large area heterogeneity, 

PIWTA, qual and quant 
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Elemental Imaging 

 Spatially resolved elemental characterization 

 Single point spectra, line scans and 
elemental maps/elemental imaging 

 X-ray optics need to be selected for the 
application 

 Spatial resolution 

 Sensitivity 

 Spectral range/resolution 
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Optics 

 Polycapillary 2D – EDXRF EDAX Eagle III 
MXRF instrument, 40 kV, 1 mA, Rh, ~50 
micrometer spot size 

 DCC (doubly curved crystal) 2D – research 
instrument, 50 kV, 1 mA, Rh, 200 mm 

 Polycapillary 3D – research instrument, 50 
kV, 0.5 mA, Ag, 30 x 30 x 60 mm 
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Polycapillary optics 

 Shaped bundle of glass capillaries 

 Polychromatic 

 High X-ray intensity 

 High sensitivity 

 Compromised spatial selectivity 

 Rapid data collection 
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Monolithic Polycapillary X-ray 
Optics 
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EDAX Eagle III MXRF 
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Pu contaminated soil particles 
on filter 

white light image 
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P6 
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Ref4 

autoradiograph 

P1 - magnified white 
light image 

800 x 600 x 400 micrometers 
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EDXRF Elemental Maps 
of Soil Particles on Filter 
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EDXRF Pu map of P1 particle 

50 micrometer 
spot size 
200 ms dwell 
per point 
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EDXRF spectra of P1 soil particle 
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MXRF 

 Commercially available lab-based 
instrumentation 

 Low power X-ray tube sources 

 Vendor software for elemental mapping 

 Good sensitivity and spatial resolution 
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hiRX 

 high Resolution X-ray – based on MWDXRF 
technology developed for direct 
compositional characterization of spent 
nuclear fuel 

 MWDXRF – (monochromatic wavelength 
dispersive XRF) utilizes doubly curved 
crystals (DCC) to focus and monochromatize 
the X-rays passing through the optic both 
for excitation and detection 
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hiRX 

 DCC optics – focus and monochromatize X-rays 
Based on Bragg diffraction 

 Select both excitation and detection energies 

 MWDXRF – monochromatic wavelength 
dispersive XRF 

 Monochromatic excitation using Rh Ka line 20.2 
keV 

 Monochromatic detection – selected analyte 
target Pu at 14.28 keV 
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DCC X-ray optics 

 Monochromatic 
optics 

 Si, Ge, quartz, 
graphite or mica 
crystal material 

 10-20% reflectivity  

 Useful for X-rays of 
energy 1.5 keV-35 
keV 
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hiRX Schematic Diagram 

sample 
X-ray tube 

DCC collection 
optic 
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DCC source 
optic 

PuLa 
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hiRX Prototype Instrument 
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hiRX Technology 

 Doubly curved crystal (DCC) optics for 
excitation and collection 

 Small spot excitation – several hundred 
micrometers 

 Small sample requirements – 1 microliter 
or less 

 Collection optic to reject background and 
collect only analyte signal 
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Simple matrix - Aqueous Pu Drop 
270 mg Pu deposit 
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EDXRF spectrum Pu Drop #1 

0

200

400

600

800

1000

1200

1400

0 2 4 6 8 10 12 14 16 18 20

I
n

te
n

s
it

y
 (

c
o

u
n

ts
) 

Energy (keV) 

PuLa 

PuMa 



LAUR 12-XXXXX 
Operated by Los Alamos National Security, LLC for NNSA 

U N C L A S S I F I E D 

hiRX spectrum of Pu Drop #1 
hot spot 
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Moderate matrix -  
Soil particles on filter 

white light image 

P1 
P2 P3 

P4 
P5 

P6 

P7 
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Ref3 

Ref4 

autoradiograph 

P1 - magnified white 
light image 

800 x 600 x 400 micrometers 
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EDXRF and hiRX Elemental 
Maps of P1 

50 micrometer spot size 
200 ms dwell per point 
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hiRX-EDXRF spectra of P1 soil 
particle 
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Moderate matrix -  
Soil particles on filter P2 

white light image 
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hiRX elemental map of P2 
particle 
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hiRX spectrum P2 particle 
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Complex matrix –  
Spiked Synthetic Spent Fuel  

nominal 
concentration of 
each element is 
100 ng 
 
U is spiked at 10 mg 
Pu at 30 ng 
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Spiked Synthetic Spent Fuel  

Spike deposit is 
~1800 
micrometers in 
diameter 
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hiRX elemental map of 30 ng Pu 
spike in synthetic spent fuel 
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Spectra overlay hiRX and EDXRF 
30 ng Pu spike  
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DCC optics 

 Monochromatic excitation – low 
background, high intensity 

 Monochromatic collection/detection – high 
sensitivity, high selectivity 

 Single element mapping 
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Confocal Geometry 

X-ray 

Excitation Detection 

confocal 

region 

 overlap the two focal 
spots 

 monolithic polycapillaries 
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Confocal MXRF 

Beam dimensions at 30 kV, 0.3 mA 

z: ~65 µm 

y: ~30 µm 

x: ~30 µm 
* Based on the first derivative * 
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3D Image of Pu P1 Particle 

orange - Fe 
red – Pu 
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Confocal 3D images P1 particle 

X Distance (mm) 

Top view Side view 
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Confocal 

 3D nondestructive elemental imaging 

 Depth penetration from 10’s to 1000’s of 
micrometers depending upon analyte and 
matrix 

 Multi-element depth dependent imaging 

 Unique elemental characterization 
technique 
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Optic Comparison 

Polycapillary DCC Monocapillary Aperture 

Smallest Spatial 
Resolution  

Highest Flux 
(cps)  
Highest Flux 
Density 
(cps/area) 

 

Fastest Data 
Acquisition  
Lowest 
Detection Limits  
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Applications 

 Catalysts before and after use 

 Fossil visualization 

 Bone and tissue mapping 

 Meteorite composition 

 Minerals 

 Photovoltaics, batteries, fuel cells 

 Integrated spectrometry with Raman and 
FTIR 
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Summary 

 X-ray optics provide unique capabilities for 
spatially resolved nondestructive elemental 
analyses 

 No one optic provides complete capabilities 
of spatial resolution, energy transmission 
and sensitivity 

 Focus on laboratory based instrumentation, 
for MXRF 
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Summary 

 Select appropriate X-ray optics to 
optimize data acquisition 

 Polycapillary offers good spatial 
resolution, limited by energy filtering 

 hiRX DCC offers highest sensitivity, 
limited to single element detection 
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